A novel and simple procedure for concentrating adenoviruses from sea water samples is described. The technique entails the adsorption of viruses to pre-flocculated skimmed milk proteins, allowing the flocs to sediment by gravity, and dissolving the separated sediment in phosphate buffer. Concentrated virus may be detected by PCR techniques following nucleic acid extraction. The method requires no specialized equipment other than that usually available in routine public health laboratories, and due to its straightforwardness it allows the processing of a larger number of water samples simultaneously. The usefulness of the method was demonstrated in concentration of virus in multiple seawater samples during a survey of adenoviruses in coastal waters.
INTRODUCTION
Surveillance of coastal waters, for recreation, cultivation of shellfish, or other activities with relevance for human health, includes monitoring for faecal pollution. While any pollution might pose a health risk for humans, faecal pollution from human sources presents a particular hazard since it might contain pathogens that specifically infect humans. Although detection of the conventional faecal pollution indicators, E. coli and intestinal enterococci, is straightforward, occurrence of bacterial indicators does not necessarily correlate with the presence of viral pathogens that are more stable than bacteria in the environment, nor do bacterial indicators provide information on the potential origin of the contamination. Several workers have reported substantial levels of pathogenic viruses in bathing waters complying with local public health regulations (Gerba et al., 1979; Goyal et al., 1984; Griffin et al., 1999; Jiang et al., 2001 and Fuhrman, 2001 ). In addition, epidemiological studies carried out to estimate the health risk of swimming in bathing waters have suggested that the gastroenteritis burden of bathers which is attributable to the presence of viruses is detected at concentrations of bacterial indicators well below statutory standards (Griffin et al., 2003 and Lipp et al., 2001 ).
There is therefore a public health requirement for additional parameters that indicate the presence of viruses in bathing waters and shellfish-growing areas more reliably. Human adenoviruses (HAdV) have been proposed to fill this gap both as indicators and as source tracking organisms (Fong and Lipp, 2005 and Hundesa el al., 2006) , since several studies have reported that HAdV have a high stability under environmental stress, such as UV radiation, temperature, chlorine concentration and pH variation, including sewage treatment procedures (Carter, 2005; Fong and Lipp, 2005; Pina et al., 1998) . Moreover, the levels of HAdV found in sewage match the numbers of the usual faecal indicator E. coli (EC), and might outnumber intestinal enterococci (IC) (BofillMas et. al., 2006 and Wolf, 2005) . Therefore the development of a simple efficient method for the concentration and quantitation of HAdV is of high interest in respect of indicators, of instruments for source tracking of faecal pollution, and for carrying out risk assessment studies of polluted coastal waters, which, in the European Union, comprise more than 14 200 out of about 21 000 registered bathing water sites.
Detection of viruses in low or moderately polluted waters calls for the concentration of the viruses from at least several litres of water into a much smaller volume (typically 1 000-fold concentration), a procedure that usually includes two consecutive concentration steps (1) electrostatic adsorption of the virus particles to a solid matrix followed by their elution with an alkaline proteinaceous solution (eluant, usually skimmed milk or beef extract solution), and (2) precipitation of the proteins to which any viruses are adsorbed from the eluant by lowering the pH ("organic flocculation"), and resuspending the flocculated protein in a small volume of neutral buffer. This somewhat cumbersome procedure significantly hampers larger scale virus-detection programs, not least because of its many steps and the need for several pH adjustments of the sample during concentration.
Following a surveillance investigation for detecting viruses in bathing waters (Virobathe, www.virobathe.org ) was observed that two-step procedures worked satisfactorily for freshwaters whereas their performance in recovering HAdV from coastal waters was less satisfactory.
A one-step protocol for the concentration of viruses from coastal waters was therefore developed based on the direct binding of the viruses to pre-flocculated skimmed milk proteins, thereby reducing the number of processing steps. The procedure described do not require the availability of specific equipment as filters or pressure pumps, commonly used for virus concentration from water, and represents a significant reduction in the cost of the assays. In this study are reported details of this protocol and its performance on a large scale study.
MATERIALS AND METHODS

Virus and cell lines
Adenovirus Type 2 NCPV #00213 was used in this study as a positive control of the 
Water samples
Three water types were used in this study. (i) Tap water from the metropolitan area of Berlin, Germany, seeded with raw strained wastewater to which was added, where indicated, artificial sea salts. (ii) Artificial seawater, prepared by adding 33.33 g artificial sea salts (Sigma, Aldrich Chemie GMBH, Steinheim, Germany), per liter of a 1:1 (v/v) mix of distilled and tap water from metropolitan area of Barcelona, which had been treated in a conventional municipal treatment plant. The mix was stirred until the salts were completely dissolved. (iii) Natural seawater from one sampling point in the coast near of metropolitan area of Barcelona collected at least at six meters from the shore and one meter from the surface.
The collection of samples for field studies was carried out based according to ISO 19458 (2006) for the collection of water samples for microbiological analysis.
Samples were stored for a maximum of 24h at 4ºC before being processed.
Virus concentration by glass wool filtration.
Ten liters of either tap water or artificial seawater were spiked with viruses (stock of adenoviruses or strained municipal raw wastewater), and concentrated by a glass wool column based in the study previously described by Vilaginès, et al. (1997) . Briefly, viruses in 10L-water samples were concentrated by adsorption at pH 3.5 to glass wool filters and eluted with beef-extract/glycine buffer at pH 9.5 followed by organic flocculation at pH 4.5. The flocs were pelleted by centrifugation at 7 000xg for 30 min and the pellet was resuspended in 10 mL of PBS. Nucleic extraction was performed on this suspension as described in section 2.6.
Virus concentration by skimmed milk (SM) flocculation procedure
Pre-flocculated skimmed milk solution (1 % w/v) was prepared by dissolving 10g skimmed milk powder (Difco) in 1L artificial seawater and carefully adjusting the pH to 3.5 with 1N HCl. One hundred mL of this solution were added to each of the previously acidified (pH 3.5) 10L seawater samples (final concentration of skimmed milk 0.01 % w/v). Samples were stirred for eight h s at room temperature and flocs were allowed to sediment by gravity for another eight hours. Supernatants were carefully removed using a vacuum pump without disturbing the sediment. The final volume of about 500 mL containing the sediment was transferred to a centrifuge pot and 6 centrifuged at 7 000xg for 30 min at 12°C. Aliquots of the supernatants which had been suctioned previously were used to balance the pots. The supernatant was carefully removed and the pellet resuspended in 8 mL of 0.2 M phosphate buffer at pH 7.5 (1:2 v/v of Na 2 HPO 4 0.2 M and NaH 2 PO 4 0.2 M). Once the pellet was completely dissolved, phosphate buffer was added to a final volume of 10 mL. The concentrate was stored at -20° C.
Detection of bacterial indicators and somatic coliphages
The detection of IC, EC and somatic coliphages was carried out according to, ISO 7899-1 (1998); ISO 9308-3 (1998) and ISO 10705-2 (2000) , respectively. The most probable number (MPN) technique was used to estimate the number of IC and EC /100 mL of sample according to standard methods and a plaque assay was used to estimate the concentration of somatic phages.
Nucleic acids extraction from viral concentrates
The NA extraction was performed with a NucleoSpin® RNA Virus F kit (Machery & Nagel, Dueren, Germany), using 1mL of the viral concentrate, NA being finally eluted in 100 µL of elution buffer, or with a QIAamp Viral RNA kit (Qiagen), extracting 200µL of viral concentrate in 80 µL of elution buffer. NA extracts were stored at -20ºC until analyzed by PCR.
Quantitation and detection of HAdV
Quantitation of HAdV genomes by QPCR was based on the assay previously described by Hernroth et al. (2002) , which had been previously applied to the detection and quantitation of adenoviruses in shellfish samples (Formiga-Cruz et al., 2002) 
Quality control of the amplification methods
To reduce the probability of sample contamination by amplified DNA molecules, standard precautions were applied in all manipulations. Separate areas of the laboratory were used for reagents, treatment of samples, and manipulation of amplification products. All assays included negative controls. In all amplifications the mixture included uracil-DNA-glycosylase (UDG) (Invitrogen Corp., Carlsbad, USA) for degradation of amplified material that could contaminate the samples.
Undiluted and a 10-fold dilution of the nucleic acid extract were analyzed in order to avoid false negatives because inhibition of the reactions.
RESULTS
Kinetics of adsorption of HAdV to flocculated skimmed milk
Two samples of 500 mL of artificial seawater sample was spiked with adenovirus type 2, and concentrated according to the SM-flocculation procedure. During stirring, six aliquots were collected at different times and the NA in each concentrate was extracted and analyzed by QPCR to determine the HAdV genome concentration. Figure 1 shows that after five hours the adsorption is essentially complete. 
Adenovirus recovery after concentration of natural
Recovery rates of somatic coliphages from tap water and artificial seawater
High concentrations of somatic coliphages are present in urban sewage and can be easily quantified by PFU (Plaque Forming Units) without the use of concentration protocols, for this reason somatic coliphages where used as a model to evaluate the concentration process in fresh and seawater. Ten samples of 9-L of either tap water or artificial seawater were seeded with 1 L of strained municipal raw wastewater. A total of 10 L of sample was immediately concentrated by glass wool filtration (first step) and organic flocculation (second-step). The somatic coliphages titre was determined before and after concentration by plaque assay. In the experiments using tap water, the glass wool retained 85% of the phage; however, it retained only 27% of the phage when artificial seawater was used. Recovery values represent the difference between the phage titre after concentration of the samples and the titre detected in the samples before filtration takes place.
DISCUSSION
Due to the poor recovery observed when evaluating the retention of HAdV and somatic coliphages in seawater by a two-step procedure, a new methodology for viral concentration in seawater samples has been explored in the present study. The recovery of the one-step procedure was determined to be 52 and 42-49 % using QPCR assays for adenoviruses in artificial seawater and natural seawater samples respectively, whereas the glass-wool filtration procedure yielded a much poorer recovery of 0.77%. Its poor performance in seawater seems to be a general phenomenon concerning many viruses as shown in the present study, the overall recovery of the heterogeneous somatic phage population present in wastewater also decreased in seawater. This effect is also in agreement with previously studies described by Lukasik et al., (2000) . Apparently, the attachment of the viruses to the matrices, which in the first step is of electrostatic nature, is hampered by a high ionic strength and this would explain the low efficiency observed of adsorption-elution methods for the concentration of viruses from seawater (Lukasik et al., 2000) . Experiments conducted to determine the time necessary for adenoviruses present in spiked samples to attach to skimmed milk flocs, indicate, as shown figure 1 , that approximately five hours of stirring are needed for full attachment. However eight to ten hours of stirring are recommended to guarantee a maximum adsorption of viruses, permitting also process the samples overnight.
In preliminary studies for the selection of the nucleic acid extraction protocol diverse NA extraction kits were tested on viral suspensions obtained from cell culture supernatants and viral suspension in seawater with and without skimmed milk. The results indicate that presence of skimmed milk did not produce inhibition for the QPCR assay when using the two described nucleic acid extraction protocols (data not shown).
The one-step procedure was further evaluated in a field study carried out in a coastal area near the metropolitan area of Barcelona. Using the developed method adenoviruses were quantified in samples with standard indicators complying with the Directive 2006/07/EC for quality of bathing waters and also in samples collected in rainfall days presenting higher values of bacterial standards. Turbidity was measured and viruses were detected in days presenting the higher turbidity levels 103 NTU but also in days showing the lower levels of turbidity (1.56 NTU). The relevance of these results is that the procedure is a useful tool for detecting contaminant HAdV, even in cases when the bathing site complies with the actual regulation for presence of bacteriological indicators. According to these results, the procedure described in present study would fulfil the conditions for a fitting method for routine public health laboratories: reproducible, reliability, straightforwardness and cost-effectiveness. 
